Abstract Little is known about how the structure of work affects adherence to HIV antiretroviral therapy. We surveyed participants in an adherence intervention study to learn more about job characteristics, including measures of psychological demand and control, and job accommodations. Adherence was assessed using the Medication Event Monitoring System. Of 156 trial subjects, 69 were employed, and these 69 made 229 study visits. Psychological demands and control were unrelated to adherence, but the presence of workplace accommodations was significantly associated with adherence (P \ 0.05). In multivariable models adjusting for clustering, those who reported having received an accommodation were 12% more adherent than those who did not receive an accommodation. Adherence was unrelated to experiencing side effects affecting work performance. Having the ability to institute job accommodations was more important to adherence than the psychosocial structure of the work. These potential benefits of requesting modifications need to be weighed against the possible risks of workplace disclosure.
Introduction
Since the introduction of highly active antiretroviral therapy (ART) there has been a dramatic decline in the rates of HIV associated mortality and morbidity in the United States [1, 2] . As a result of treatment improvements, HIV has become a chronic disease rather than a fatal condition leading to rapid deterioration and death. The success of ART is largely dependent on being able to maintain strict adherence to treatment. Suboptimal adherence is associated with treatment failure and emergence of HIV antiretroviral (ARV) medication resistance [3, 4] . Transmission of resistant virus to others has been reported [5] , however, the role of adherence to ART on this transmission has not been proven.
As a result of ART's impact on symptoms and survival, many employed persons with HIV infection are able to continue working, and among patients who were too sick to work, health and functioning may improve to levels that allow them to return to work [6, 7] . Investigators from the HIV Cost and Services Utilization Study found that the likelihood of remaining employed increased from 57 to 94% within 6 months when HIV infected workers received ART [8] . However, while reducing the adverse impact of HIV on ability to work is an important accomplishment, it raises new issues about the potential role of work stressors on HIV infected employees. Specifically, employment could add additional physical and psychological stress to the complex health situation of patients living with HIV. Thus, an understanding of these stressors and their impact is important for clinicians and policy makers.
We were interested in three specific aspects of how working might affect ART adherence. First, a large body of research has established associations between exposure to psychosocial stressors in the work place and increased rates of cardiovascular diseases, musculoskeletal diseases, reproductive disorders, depression, functional deficits and other health problems [9] [10] [11] [12] [13] . However, we could find no published papers that look at their impact on persons with HIV, and none of these previous studies focused on medication adherence. Second, because of the stigma often attached to HIV, workers with HIV may confront discrimination in the workplace. There are few data on workrelated discrimination related to HIV status, rates at which employers grant persons with work-related accommodations when asked, or how such accommodations affect adherence. Third, we could find no literature describing the rates at which working persons taking ART experienced ART-related side effects that adversely affected work performance, and whether this might reduce ART adherence.
We therefore tested the following hypotheses, that: (1) having a job with high psychological demands and/or low control would negatively impact adherence, (2) workplace accommodations would positively impact ART adherence, and (3) perceived ART side effects judged to affect workperformance would impair adherence. We tested these hypotheses by analyzing several waves of employmentrelated data from a Massachusetts adherence intervention trial.
Methods

Subjects
We used data from a randomized, crossover trial testing a physician-focused intervention to improve adherence to HIV ART [14, 15] . The trial enrolled subjects from five patient care settings in the greater Boston area, including two academic centers, a community health center, a general medicine practice based in an academic medical center and a private infectious diseases practice. Patients were eligible if they spoke English, had a detectable HIV RNA viral load at their most recent clinical visit, were taking ART and were willing to use an electronic pill bottle cap for one of the antiretroviral medications. Patients without a telephone, non-English speakers, those with a history of HIV dementia and pill box users were excluded. All participants signed written informed consent, and the study was approved by the local Institutional Review Boards and Ethics Committees of all participating sites.
The protocol included an initial enrollment visit followed by five follow-up study visits at 2-3 month intervals ( Fig. 1) . At each of the five follow up visits, participants completed a survey that asked about a variety of behaviors and activities related to medical care, health status, ART adherence and employment, and adherence data were downloaded from the Medication Event Monitoring System (MEMS) caps. Of the 282 persons referred to study coordinators, 220 (70%) agreed to discuss participation with study enrollment coordinators, of those, 197 (90%) agreed to participate, and of those 156 (76%) made it to the baseline visit where they were randomized. Of the 156 patients participating in the trial, 69 (44%) reported being employed, either part time or full time, at one or more study visits. These 69 patients, and the 229 visits they made, composed the analytic sample.
Variables
Adherence
We used Medication Event Monitoring Systems (MEMS) caps to monitor one of the ARV medications. MEMS caps have a pressure-activated microprocessor that records the date and time of each bottle opening and closing. We monitored only one ARV of the 3-4 that most patients were on. A protease inhibitor (PI) was the preferred monitored drug, followed by non-nucleoside reverse transcriptase inhibitor (NNRTI) and lastly nucleoside reverse transcriptase inhibitor (NRTI). A patient's dose was defined as being adherent if the bottle was opened one or more times within 3 h of the scheduled dose time as reported by the patient. When a dose was taken outside of the 3 h interval it did not reset the interval for the next dose. The adherence summary measure we use in analyses is the percentage of the doses taken correctly during a given interval of 30 days prior to each study visit.
Questionnaire Variables
Patient characteristics were assessed by self-report at the time of the baseline visit and included: age, gender, sexual orientation, marital status, living situation, household income, immigration status, race, ethnicity, level of education, attitude towards HIV infection and ART, substance abuse history and employment. At each follow-up study visit the following items were assessed: self-reported ART adherence, employment, health status, attitude toward ART, alcohol and substance abuse in the last 6 months (alcohol, cocaine, amphetamine, or narcotics). Reasons for unemployment were asked for those who were not working. Health status was assessed using the Medical Outcomes Study SF-12, a validated, short, generic survey instrument that produces physical and mental summary scores that range from 0 to 100. The scale scores are constructed from a nationally representative sample such that the mean is 50 and the standard deviation is 10, where higher scores indicate better health [16] .
Employed patients completed a specific section of the survey to explore work in more detail. We asked about type of work performed, weekly working hours, autonomy or flexibility in the workplace, number of jobs, working location, income and benefits by self report. We asked whether participants had disclosed their HIV status to their employer or co-workers, if they had experienced discrimination at the workplace. Regarding accommodations, we inquired whether they had received, from their employer, any of nine different possible accommodations including help from somebody to get work done, working fewer hours, having more frequent rest periods, receiving special transportation or special equipment, changing to an easier job, receiving training for a different job, and changing of the work area or work location. Because the rates of occurrence for individual accommodations were low, we created a dichotomous variable (any accommodations vs. none). Three variables assessed whether side effects that participants attributed to their ART affected work-performance: we asked whether ART side effects affecting work-performance caused them to skip doses, take doses at the wrong time, or miss work altogether. Because these were also uncommon, a dichotomous variable was created (any vs. none).
We used items and scales adapted from Karasek and Theorell to assess psychosocial work stress in three dimensions: psychosocial demands, decision latitude or control, and workplace support. Psychosocial demands measure quantity and pacing of the work, time pressure and the requirement for intense concentration. Job decision latitude or control has two components: workers' freedom to decide about their work content and flow, and worker's opportunity for creativity. Five items measured psychological demands, four items measured control, and two items measured workplace support. We classified subjects according to scores (0-100) in two scales, psychosocial demands and control, where 0 means low control or low demand and 100 means high control or high demand. Following usual classification practices, the median score of control and the median score of psychological demands for all working study visits were used to define the split points for creating the four job strain categories ( Fig. 2 ): active (high demand/high control); high strain (high demand/low control); low strain (low demand/high control); and passive (low demand/low control) [17] . We also tested a dichotomous variable that compared high strain with the other three categories pooled, and a continuous form of the demand and control variables with an interaction term (Fig. 2 ).
Laboratory Variables
HIV RNA level and CD4 counts were obtained from medical records at each study visit.
Analyses
Descriptive Statistics
To describe the sociodemographic characteristics of our sample and the characteristics of their jobs, we used the patient as the unit of analysis (69 patients). For the job characteristics we used the first visit at which they reported being employed either part or full time. We created descriptive statistics using means, standard deviation, medians and the inter-quartile range (IQR) for the continuous variables, and frequencies and percentages for the categorical variables.
Bivariate Relationships
For all other analyses we used the visit as the unit of analysis (N = 229). There were 24 patients with five visits (35%), 10 patients with four visits (15%), thirteen patients with three visits (19%) and 22 patients with two visits or less (31%). We conducted bivariate analyses of the relationships of job characteristics, HIV disclosure at work, accommodations, job strain, and side effects affecting work performance to ART adherence. To accomplish this we constructed simple and multiple linear regression models with adherence, ranging from 0 to 100%, as the dependent variable, and the employment related variables as the independent variables. These analyses took advantage of the longitudinal nature of our data, recognizing that both adherence and work conditions may change with time. We performed intra-class correlation at patient level of the adherence measures at each visit, and adjusted for repeated measures per patient using mixed models. The relationship between disclosure and accommodations and between job strain and accommodations was examined using logistic regression, again adjusting for repeated measures but using generalized linear models because the dependent variables in this case were categorical variables.
Multivariable Models
To identify possible confounders of the relationship between work variables and ART adherence, we conducted bivariate regression analyses of the relationships between demographic variables (age, sex, race, education, sexual orientation, alcohol history, depression, current drug use, HIV risk factors, physical and mental health) and both the employment and adherence variables. Only variables with that were associated with both job strain and adherence at P B 0.20 were considered possible confounders and were thus candidates for inclusion in the multivariable regression model.
The base multivariable regression model of adherence included job strain, race, drug use, and side effects that patients attributed to ART. The latter three variables were included because they are often confounders in models of ART adherence [18] . We tested two forms of the job strain variable. In one, psychosocial demand and control were considered as separate continuous variables; in the other job strain was dichotomized, as previously described. Next potential confounders were added to the base model. We then performed a manual backward elimination, taking sequentially out of the model the variable with the highest P-value, until all the potential confounders left in the model were significant at P \ 0.05. Treatment arm was not associated with adherence in bivariate analyses but we nonetheless tested it in the final model. Because it was neither significant itself nor a confounder of the relationship between work variables and adherence, it was not included in the final models we present.
Results
Patient and Job Characteristics
Sixty-nine participants were employed at one or more visits. The mean age was 42 years, 17% were female, 45%
were non-White, 49% had some education beyond high school, 60% were men that had sex with men (MSM), and 59% of the patients were single. Approximately one-fourth (26%) reported cocaine or heroin use in the prior 6 months and 17% reported intravenous drug use as the HIV risk factor. The median CD4 cell count was 274 cell/mm 3 and the median HIV viral load was 2,819 copies/ml.
Jobs characteristics at the first working visit are shown in Table 1 . Fifty-eight percent of the participants had a full-time job (defined as more than 35 h per week), 74% had a permanent job and 10% were self-employed. Thirtysix percent worked in an office and 22% were in retail or restaurant work. Forty percent reported not having health insurance through their jobs, 63% did not get paid sick leave, 58% had no retirement benefits and 67% had no disability insurance. Median psychological demand and job control scores for all visits were 46 and 58, respectively (Fig. 2) . Based on the definition of job strain, which classified high and low demands and control based on respective sample median scores, approximately 20% of the workers had high strain jobs at their first working visit (Table 1) .
Sixty-six percent had not disclosed their HIV status to their employer, and 52% had not disclosed to any coworker (Table 1) . Only 10% reported experiencing discrimination in the work place. More than two-thirds were not allowed to go to medical appointments during working hours without losing pay. Twenty percent reported receiving an accommodation of some kind.
The types of accommodations reported are shown in Table 2 . The most frequent accommodation reported was getting more breaks and rest periods (61%), followed by arranging for a shorter working day (46%) and working from a different location (41%).
ART Adherence
The mean (median) 30-day, pre-visit adherence was 81(93)%, 76(87)%, 76(89)%, 75(90)% and 74(85)% at visits 1, 2, 3, 4, and 5, respectively (data not shown in a Table) . As can be seen by the differences between the means and medians, adherence was skewed upward.
Bivariate Relationships
In simple linear regression tests, type of job, characteristics of health benefits, disclosure to employer and disclosure to co-workers were not associated with ART adherence (P [ 0.05 in each test, Table 3 ). Contrary to our hypothesis, job strain was not associated with adherence (T = -1.11, P = 0.26). This was true regardless of the variable definition used, including job strain categories, high strain versus non-high strain, and the continuous forms of the variables and their interaction (data not shown). Reports of perceived ART side effects affecting work performance did show a trend (T = -1.66, P = 0.09) toward being associated with worse adherence. The presence of workplace accommodations was significantly associated with better adherence (parameter estimate 9%, 95% CI 1-17%, T = 2.17, P = 0.03).
Relationships Among Employment Variables
Patients who disclosed their HIV status to their supervisor were more likely to report they had accommodations in place (OR 6.15, 95% CI 2.23-16.92, Z = 3.52, P = \0.01) when compared to those who did not disclose. However, no data about denied accommodation requests were available. Those who disclosed their infection status to their supervisor did not report more discrimination or unfair treatment in the workplace because of their HIV infection than those who did not disclose it. Neither the likelihood of reporting unfair treatment at the workplace (OR 2.04, 95% CI 0.63-6.55, Z = 1.19, P = 0.23), nor the likelihood of a promotion were related to HIV status disclosure (OR 1.0, 95% CI 0.42-2.45, Z = 0.01, P = 0.99).
There was no association between job strain and workplace accommodations (P [ 0.05), and between job strain and HIV status disclosure (P [ 0.05). Workers with accommodations scored lower on the physical and mental components of the SF-12 when compared to those without accommodations, 45 and 52, respectively, for the physical component (F = 36.44, P \ 0.0001), and 40 and 48, respectively, for the mental component (F = 16.84, P \ 0.001).
Multivariate Analysis of Factors Related to ART Adherence
After adjusting for race, drug use, job strain, side effects affecting work performance and physical and mental health, patients who had any accommodations had a 12% higher mean adherence than those without any such accommodations (95% CI 3-20%, T = 2.79, P = 0.006, Table 4 ). Regarding job strain, neither the continuous forms of psychosocial demand and control as separate variables, nor the dichotomous form of strain was statistically significant, and the dichotomous form is shown in the Table. To examine the sensitivity of the model to the inclusion of physical and mental health, we dropped these Allowed to work at a different location 17 41
Changing work tasks to ease job 15 37
Someone assigned to help 11 27
Training for a different job 9 22
Changing the work-area layout 8 20 Getting special equipment for the job 7 17 Getting special transportation 2 5
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variables, but found that accommodations were still significantly associated with adherence. The intra-class correlation at patient level for the adherence outcome variable was 0.72, so we expect that only 28% of the total variance is not explained by clustering of the data. Therefore, a mixed model that accounts for the repeated measures was necessary for these analyses.
Discussion
Our study showed four main findings. First, none of the psychosocial work variables that we assessed were associated with ART adherence. Second, accommodations made at the work were significantly associated with higher rates of adherence to ART. Third, patients who disclosed their HIV status were more likely to report accommodations. Finally, having side effects affecting work performance was not significantly associated with ART adherence. Historically, studies of job strain have focused on the inverse relationship of job strain to health status. While poor medication adherence could be a mediator of those poor health outcomes, we are not aware of previous work that has examined this hypothesis. While our sample was relatively small and our analysis somewhat underpowered, we suspect that our findings will likely replicate. Although both variables control and demand were not static and showed some variation over time, we did not see a clinically important trend in the hypothesized direction that would warrant further studies with larger samples. ? P \ 0.10; * P \ 0.05 a The estimate 9 100 is the number points on the 100 point adherence associated with having a ''yes'' for that variable (e.g., accommodations) ? P \ 0.10; * P \ 0.05; ** P \ 0.01 a The estimate 9 100 is the number points on the 100 point adherence associated with having a accommodation, a high strain job, side effects at work, being white, our drug use. For physical and mental health, the estimate 9 100 is the number of points on the adherence scale associated with a 1 point change in health (on a 100 point scale) b Physical and Mental Health are measured by Only a third of the participants in our study disclosed their HIV status to their employer, which may explain the low level of accommodations reported. Nonetheless, the accommodations that were reported had a positive impact on patients' adherence, even after adjusting for health status (using the SF-12) and other socio-demographic factors. Furthermore, although in the whole cohort healthier people had higher adherence, those with accommodations had lower scores in the physical component and mental component of the SF-12, but higher adherence, than those without accommodations, even after controlling for health status. One possible interpretation of this is that workplace accommodations can improve the adherence of sicker people.
Understanding cause and effect related to accommodations is challenging. The presence of accommodations indicates not only employer involvement but also suggests that the employee has a relatively high level of awareness of the disease, and also a willingness to address the issue with an employer. While it is possible that the modifications reported contributed to better adherence, it is also possible that requesting accommodations and taking medications are two sides of a personal self-care orientation, manifestations of health related self-efficacy or some other personal attribute. These considerations notwithstanding, the validity of the association between accommodations is supported by the fact that a statistically significant relationship with ART adherence even though rates of accommodations were low, the fact that this finding remained strong after adjustment for relevant confounders, and the observation that our findings were robust to differences in model specification.
We were interested that very few of the participants in our study reported discrimination or any other negative consequences at their jobs as a result of the disclosure of their HIV infection. One interpretation of this observation is that disclosure is relatively ''safe,'' at least in Massachusetts. Another is that patients chose to disclose when they have good reason to believe that their employer will be sympathetic, and when know that they need a particular accommodation. It is possible that attitudes towards persons with HIV are different from what they were at the beginning of the ART era [19, 20] , but disclosure remains a difficult and potentially risky step.
Relatively few people reported ART-related side effects reducing their work performance, perhaps because of the better tolerability of current ART regimens. Of the three side effect items that made up the aggregate variable, those who reported missing days or time at work and those who reported that they intentionally skipped or mistimed their ARV dose to avoid side effects had the lowest rates of ART adherence. In the multivariable model, the effect size we observed was six percentage points, with a wide 95% confidence interval, which includes a potentially clinically significant adherence effect. We believe that a larger, better powered, study to better understand this effect would be justified.
There are several study limitations. First, because the data come from a randomized trial, they may not be generalizable to those who did not qualify for study entry, in particular those with non-detectable viral loads. Second, the findings are likely very sensitive to the types of jobs that our patients happened to have, and samples that captures a wider variety of types of work might yield different findings. Third, as previously noted, this study was relatively small, and may have been underpowered to detect some clinically important effects. Fourth, a study done in urban care settings in Massachusetts may not be generalizable to other states and regions, or to rural care settings. Fifth, the job strain measure hasn't been validated in this type of sample and perhaps it is not picking up environmental attributes of the job as much as personal attributes. Finally, we did not analyze physical demands, which may be relevant to adherence among certain subgroups of workers.
In conclusion, we would encourage physicians to inquire about work, work conditions, and disclosure at work as part of adherence discussions. The specific accommodations captured in this study, and possibly others we have not measured, may have a positive impact on patient ART adherence. While this may involve disclosure about HIV status, in some situations the potential negative consequences of such disclosure may be minimal.
